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26.  Loading and Arch Analysis.   The usual unit of arch analysis is a unit
width slice, normal to slope of the upstream face.   Because the arch barrel is
inclined, the water load on such a unit is variable from spring to crown.   Also,
a component of the masonry weight contributes to the arch load.    Conse-
quently, the simplified equations of Chapter 13 for uniform normal loads are
not applicable.

If the arch form is simple, the variable loads may be expressed mathemati-
cally and equations and curves for stress computations are possible. George
Goodall and Ivan M. Nelidov have developed equations and curves for such
use for cylindrical inclined arches.20 Space does not permit the inclusion of
these computation aids.

Yielding of the arch abutments (the buttresses) is usually ignored for bal-
anced loading.

Elastic yielding of the foundations under the buttresses is assumed to have
no effect on arch stresses. Unequal settlement is objectionable and should
be guarded against. Lateral deflections of the buttresses may require con-
sideration where there are lateral earthquake forces (Arts. 3 and 4) or other
lateral forces.

The thin arches respond rather rapidly to climatic changes and because of the
inclination of the arches, it is not feasible to leave closing gaps or joints to be
grouted at low temperature. Consequently, temperature ranges may be ex-
pected to be relatively high. This is compensated for, at least in part, by the
flexibility of the slender arches and by using large central angles and reinforcing
steel.

Frost may penetrate the thin slab or arch and cause an accumulation of ice
on the water face. Such a condition, at Gem Lake Dam, was described by
Fred 0, Dolson and Walter L. Huber in 1926.20a

EXAMPLE OF A MULTIPLE-ARCH DAM

27.  Example 3, Nonoverflow Multiple-Arch Dam.   The complete design of
a multiple-arch dam would involve duplication of arch analysis work illus-
trated in Chapter 13 and of the buttress design in Example 1 of this chapter
and will not be attempted.   An example of an actual design will be described.

The example chosen is the design for the Horseshoe site on the Rio Verde
in Arizona, as presented in Noetzli's paper on the "Improved Multiple Arch
Dam." 21

Fig. 14, taken from Noetzli's paper, shows the plan and downstream elevation
of the dam, which has a maximum height of about 210 ft. The double-walled
buttresses are spaced 60 ft center to center. Fig. 15, from the same source,
shows details of the maximum section.

20 "Stresses in Inclined Arches of Multiple Arched Dams," Trans. Am. Soc. Civil Engrs.,
Vol. 98, 1933, p. 1200.

2oa FRED 0. DOLSON and WALTER L. HTJBEK, "Multiple-Arch Dam at Gem Lake on
Hush Creek, Calif.," Trans. Am. Soc. Civil Engrs., Vol. 89, 1926, p. 713.

21 Trans. Am. Soc. Civil Engrs., Vol. 87, 1924, p. 342.